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Abstract 
Operating speeds, implemented by drivers, are noticeably higher than design speeds. Many authors 
demonstrated that these inconsistencies determine particular hazardous “black spots”. In this study we propose a 
procedure (based on two models) to identify these “black spots”. With this aim, four different road sections were 
selected in southern Italy (Salerno, Cosenza and Catanzaro). For each road section the accident data since 2004 to 
2008 were collected. The good statistical fitting between the estimated parameters and those surveyed confirms 
the validity of the models and, at the same time, their reliability to define road safety improvements. 
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1. Introduction And Literature Reviews 
 
In many countries  speeds used by road users are noticeably higher than project theoretical  and imposed legal 
limits,  than compared to other countries.   
Many authors have demonstrated that, for this reason, affected by incorrect Horizontal and Vertical coordination 
(which produces uncertain and/or incorrect reading), can be identified dangerous "black spots".  However for the 
proper identification of these "black spots"  requires esteem operative speed models.  
Many researchers have addressed driver speed behavior to identify all possible factors that may affect driving  
conditions during travel [1].  
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International research [12] has thus suggested a variety of approaches to analyze the road traffic safety [6] 
level on the basis of an assessment of accident rates and frequency [2]. In  [7] the authors  illustrates an 
application of Cluster Analysis to a “Road Safety problem”[8]. Experimental analysis, by using Cluster  
algorithms, was carried out on segments situated in the Southern Italy freeway. 
Many researchers have verified that one of the parameters that most influence safe driving is the speed 
variable and in the scientific literature some research works have dealt with speed prediction models to analyze 
real driver behavior [3]. The experimental analysis presented here is only one component of a larger study which 
has been under way on a number of roads for several years now with a view to improving performance, road 
management [5] and safety [4]. 
In [13] investigated the effects of roadway geometric design features and traffic flow on operating speed 
characteristics along rural and urban four-lane highways in Pennsylvania and North Carolina.  
A simultaneous equations framework was used to model the speed distribution, developing equations for the 
mean speed and standard deviation of speed for both travel lanes using the three-stage least squares estimator. 
This simultaneous equation modeling framework was first introduced by [16] to model speeds on a freeway 
segment in Washington State. It was later explored in depth and compared to limited information (e.g., OLS 
regression) and full-information (e.g., seemingly unrelated regression) modeling methods by Porter [15]. 
In [11]  have conducted a  basic research on speed prediction for rural multi-lane highways and urban and 
suburban arterials.  
For the purposes of this research, the project should focus on passenger car operating speeds, trucks, and 
recreational vehicles, and be developed in a manner that complements the existing two-lane rural highway design 
consistency module currently available in the IHSDM.  
The association between vehicle operating speeds and geometric design features on these facilities could assist 
in several design functions, particularly when used in concert with the latest enhancements to the IHSDM crash 
prediction module. Examples of this include: assessing the need for climbing lanes, justification of maximum 
grades, evaluating proposed capacity-expansion projects, and assessing speed-safety relationships on horizontal 
curves. The findings from this research could also be used as a framework to perform level of service analysis on 
uninterrupted flow facilities.  
In the Highway Capacity Manual (2000), estimating free-flow speeds are an important step in freeway and 
multi-lane highway operational performance. 
In [14] in a study conducted in Dakota propose an important report on the free flow speed  in highway. Two 
team members using a radar gun and manual tally sheets collected 1668 speed observations at ten sites during 
several weeks.  Each site had a unique posted speed limit sign ranging from 20 mi/h (30 km/h) to 75 mi/h (120 
km/h).  Five sites were on urban streets.   
Three sites were on multilane highways, and two on freeways. Goodness-of-fit test results revealed that a 
Gaussian distribution generally fit the speed distributions at each site at a 5% level of significance.  The best-fit 
model had a correlation coefficient of +0.99.   
The posted speed limit variable was significant at 5% level of significance.  Examining data by highway type 
revealed that average free-flow speeds are strongly associated with posted speed limits with correlation 
coefficients of +0.99, +1.00, and +1.00 for urban streets, multilane highways, and freeways, respectively.  
in [9]  proposes a model for estimating operative  speed on motorways. The research is survey  based, and 
takes into account various geometric  conditions, making it possible to find the variables that influence operative 
speed in the Free Flow conditions. 
This paper shows  some operating procedures for the estimation of the accident through models to estimate the 
operating speed. 
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2. Data Set 
 
The experimentation was carried out on four  different motorway stretches whose characteristics are reported in 
table 1. 
Table 1.  data collected 
Stretches Length 
[km] 
Curve 
% 
   i >2% V85 average ADT (veic/day) N. accidents 
South Dir. 
N. accidents 
North Dir. 
1 21.503 57 69 122 35.000 144 109 
2 19.169 32 64 123 22.000  97 106 
3 20.135 50 24 139 15.000  18  16 
4 19.078 83 83 119 12.000 146  95 
 
 
Data   were  examined  with  the following models  (implemented with the  sequence indicated in figure 1): 
 
¾ model 1: estimation of V85 implemented by users [9]: 
  
             V85=155–1352•1/R-0.41•.i9i/2-4.1•|i|                                                                                              (1)                  
 
¾ model 2:  estimation   of   expected   accident    rate  calculated   by    user [10]: 
                                     
 Nexpectedaccidents=-1.492*V85-average+206.44  (with  N.expected accidents≥0)                                   (2)                  
 
 where: 
 
Curvature (denoted by the term 1/R) has been obtained as the inverse of radius;   
 
Longitudinal grade (denoted by the term |i|) has been taken at its absolute value because there is low variation 
in relation to "upgrade" and "downgrade" conditions, and is particularly weak on the tangent segments. 
 
Tortuousness (denoted by the term .i 9i/2 and measured in grad/km) characterized by the form represented  
in figure 2 was introduced in order to take into account the ways drivers approach the element where their 
speed was measured.    
 
3. Data Analysis 
 
The following limits were imposed in the selection of homogenous segments: 
 
¾ Lower limit: length ı 1.9 km, to include at least two principal elements of the stretch; 
¾ Upper limit: length İ 4.0 km, in order not to sacrifice the level of analysis detail. 
 
The calculation results and statistical developments are summarised in tables 2,3,4 and 5 respectively for the four  
segments  considered. In the last column of each table the comparison between the observed accident rate and 
that expected is reported.  
706   Mario De Luca et al. /  Procedia - Social and Behavioral Sciences  53 ( 2012 )  703 – 711 
From tables 2,3,4  and 5 it is possible to observe good agreement between the model’s estimation of the number 
of accidents and the corresponding registered values (in two different directions North-South).  Moreover in 
Table 6 it's possible to observed     the results obtained from the correlation between the V85 and the number of 
accidents in the 4 segments.  
 
 
 
Figure 1. Flowchart of the procedure used 
 
 
 
Figure  2 . Definition of Tortuousness 
 
In the   stretches 1,2 and 4 the correlation is very good. For the stretch 3, the low value of R2,  is not an 
indicator of a method defect, but an indicator of the complete independence of accident rates from perception 
problems of the stretch in trunks with scarce tortuousness (low curvature values). 
    Data Set
(i, T, R, accid.)
 Calculation V85
  With Model (1)
 Estimation of expected
 accdient with model (2)
Comparison Accindets
(observed and expected)
    Defining
 Homogeneous
    groups
Section where the speed was measured
.9i= 169°;
Lenght of the stretch = 2 km;
Tortuousness = .9i /2 km =84.5grad/km;
i =2%;  R=500m;
Motion  
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Table 2. Segment 1  (A3  Freeway   “Napoli-Pompei–Salerno”) 
 
     
Table 3. Segment 2  (A3   Freeway -  Salerno – Battipaglia) 
 
 
4. Comparison of accident rate  in the stretches analyze 
 
To compare the accident in the four segments. reference was made to the following index (dangerousness 
Index indicated with acronym Id) : 
 
 
)*2*1**365(
)*10( 8
ADTkkL
NvId                                                                                                  (3)                  
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Table 4. Segment 3  (A3   Freeway -   Catanzaro- ViboV.) 
 
 
Table 5: Segment 4  (A3   Freeway -   Cosenza – Grimaldi) 
 
 
Table 6. Correlation between the V85 and the number of accidents in the 4 segments 
 
Segment Directions R2 Equation 
1 S 0.841 y = -1.171x + 142.8 
1 N 0.078 y = -1.091x + 143.3 
2 S 0.940 y = -0.996x + 141.5 
2 N 0.952 y = -0.795x + 139.0 
3 S 0.648 y = -3.523x + 151.3 
3 N 0.206 y = 2.273x + 137.0 
4 S 0.987 y = -0.7603x + 138.1 
4 N 0.986 y = -0.857x + 137.3 
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Nv. is the number of accidents;  
L. is the length of the  “"hazardous zone"; it was calculated as follows:  an influence area was assumed for 
each accident. or accidents. that occurred at the same distance. The sum of the influence areas was assumed to 
be the length of the “Hazardous  zone” (In the event of two or more accidents over the same distance. only the 
area of influence was considered);  
K1 is a coefficient that reflects the road surface conditions and its value is 0.75 for dry road surface and 
0.25 for wet road surface;  
K2 is a coefficient that reflects the light conditions and its value is 0.67 for daylight and 0.33 for nocturnal 
light;  
ADT is the average daytime traffic at each cluster. 
In table 7 and figure 3 shows the result of the comparison. 
 
Table 7.  Result of the comparison between segments 
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1 14.1 21.9 15.7 89.7 99.0 108.3 19.2 12.8 25.6 14.8 12.6 17.1 
2 11.4 13.7 7.8 30.5 21.8 19.3 31.1 11.9 24.7 11.4 8.0 11.4 
3 26.2 21.9 24.7 57.9 79.1 89.7 18.3 6.4 6.4 20.5 17.1 25.1 
4 11.7 6.7 9.0 56.0 44.2 67.9 11.0 5.5 0.0 3.4 1.1 1.1 
5 12.1 13.3 13.3 12.5 10.0 0.0 11.0 16.4 0.0 9.1 6.8 12.6 
6 14.9 22.7 29.7 15.6 12.5 12.5 5.5 21.0 0.0 33.1 27.4 40.0 
7 26.6 30.5 43.1 14.3 14.3 17.4 11.9 17.4 0.0 62.8 52.5 68.5 
8 32.9 34.1 49.3 - - - 19.2 12.8 25.6 33.1 33.1 40.0 
Sum Dangerousness 
Index 
149.9 164.8 192.6 276.5 280.8 315.1 107.8 91.3 56.6 188.4 158.7 215.8 
 
Observing figure 3 it is possible to identify the "hazardous zone" with priorities of intervention on the 
four segments analyzed. 
 
¾ Class 1: low              0<Ii<30; 
¾ Calss 2: medium    31<Ii<60; 
¾ Calss 3: High         61<Ii<90; 
¾ Class 4: Very hìgh       Ii>91; 
 
this class   allow  the administrator to select the zones. to be addressed as a priority. for structural work for the 
resolution of problems with reading of the stretch.   
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Figure 3.  Result of the graphic comparison between segments 
 
5. Conclusion  
 
The procedure described has provided important clues to identify the "Hazardous areas" due to poor coordination 
of the track.   This occurs when there is an imperfect coordination between successive stretches  (complex  
elements. characterized by a high difference in terms of V85 average) and not between the individual elements 
planimetric. 
The results have shown (in reference to the segment 4) that the procedure also works on segments  other than 
those on which has been obtained models (1) and (2). 
In particular we have seen that you can analyze more segments  and to identify priority areas of intervention. As 
shown in Figure 3  it is possible  to identify the risk thresholds and plan  the  interventions for the control of road 
safety (in particular for the resolution of problems with reading of the stretch). 
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